In this paper I use a rich dataset in order to observe each student over time in different subjects and courses. Unlike most peer studies, I identify the peers and the teachers that each student has had in every classroom. This enables me to handle the simultaneity and selection problems, which are inherent in estimating peer effects in the educational production function. I use a value-added approach with lagged peer achievement to avoid simultaneity and extensive fixed effects to rule out selection. To be specific, it is within-student across-subject variation with additional controls for time-invariant teacher characteristics that is exploited. Moreover, I identify students that are attending classes in which they have no peers from earlier education which otherwise could bias the result. I find positive peer effects for the average student but also that there is a non-linear dimension. Lower-achieving students benefit more from an increase in both mean peer achievement and the spread in peer achievement within the classroom than their higher-achieving peers.
Introduction
In economics of education, peer effects in the educational production function have increasingly become a point of interest over the years. Do peers influence student outcome and, if so, in what way? The presence of peer effects and their workings may have implications for education policy, such as how to allocate students with respect to their ability or whether you should allow for an increased latitude of school choice in society. Proponents of ability grouping (or tracking) argue that in classrooms with a homogeneous ability distribution the teacher is better able to reach all students in the classroom when teaching.
However, there is not much evidence to support this view. Studies have found that tracking has differential effects; detracking schools has had positive effects for lower-achieving students but none or negative effects for high achievers (e.g. Betts and Shkolnik, 2000; Zimmer, 2003; Sund, 2006) . This suggests that non-linear peer effects might be present, lowachieving students benefit more from being placed together with high-achieving peers while there are no or small effects on students at the high end of the ability distribution. If such nonlinear peer effects are at hand, tracking policies would do more harm than good.
Estimating peer effects is difficult since there are confounding effects that are likely to bias the results. There are primarily two issues that are problematic, namely selection and simultaneity. Selection, in that students are not randomly assigned to schools. Parents actively choose where to reside so school composition will reflect neighborhood characteristics. Highachieving students end up going to the same schools due to their parents' choice, thus there will be a spurious correlation between student and peer achievement. If one can not control for this selection, peer achievement might seem important even though it is not. Different approaches to finding exogenous variation in peer composition have been used. Sacerdote (2001) uses the random procedure of pairing up students with their roommates in college.
Others have exploited within-school variation and used school fixed effects (e.g. Schneeweis and Winter-Ebmer 2006) . The idea behind this is to account for systematic differences in family background that are correlated with school choice. Age variation within neighborhoods has also been used. There is evidence that students born early in the year perform on average better than students born later. Thus, variation in birth month composition of peers within neighborhoods and across time is used in Goux and Maurin (2006) .
The simultaneity problem arises from the fact that if the achievement of peers has an influence on a student's achievement, that student will also have an influence upon his or her peers. This is the so-called reflection problem (see Manski 1993) . To avoid this, Hanushek et al., (2003) use lagged achievement as their peer measure to avoid simultaneity, whereas Ammermueller and Pischke (2006) use predetermined peer variables that are correlated with achievement such as the number of books at home.
Numerous studies have found evidence of positive peer effects in that achievement increases for students when they are placed together with high-achieving peers (see for instance Summers and Wolfe 1977; Hoxby 2000; Hanushek et al. 2003) . The results in Vigdor and Nechyba (2005) , however, were inconclusive. There are also studies that address the potential non-linear impact of peer effects (Schindler-Rangvid 2003; Winston and Zimmerman 2003) . Peer effects might influence students differently depending on their initial ability. The findings suggest that peer effects are stronger for low-performing students. This supports the non-linear peer effects found in the tracking studies above to a certain extent. If it were true that in the classroom high-achieving peers directly help lower achievers, then this would suggest a non-linear peer effect. The students at the low end of the ability distribution within a classroom learn from better-achieving peers whereas the students at the high end do not have this advantage since there is no better-achieving peer for them to learn from.
In this paper, I use a fixed effects approach to avoid potential selection and lagged achievement to avoid simultaneity when estimating the peer influence on achievement for Swedish high school students at the classroom level. I start with a baseline model estimating peer impact on mean achievement and then move on to analyzing potential differential effects of peer achievement. I have rich data where I for several cohorts in the municipality of Stockholm observe each student over time in different subjects and courses. Unlike most peer studies, I identify the peers and the teachers that each student has had in every classroom. The dataset enables me to use within-student across-subject variation for each year in order to counteract potential selection but also enables me to control for unobservable teacher specific components.
Further, by using the transition from compulsory school to high school additional variation is exploited. In Sweden this transition implies a considerable change for the students.
Almost all students attend an entirely new school when they start high school at the age of 16.
Moreover, the catchment areas for high schools are often larger than the catchment areas for compulsory schools. Thus, when students are allocated to different high school classes, they will be placed together with peers from compulsory schools and neighborhoods other than their own. In the sample used, around 40 percent of the students were allocated to classes in which they have no prior peers. Thus, not only am I able to link peers and teachers together at the classroom level but I can also estimate peer effects on students that attend classes in which they are altogether subjected to new classmates. Furthermore, in 2000 there was a change in the high school admission rules in the municipality of Stockholm. Prior to this change, admission was based on grades and distance.
Those residing in the catchment area of a high school had precedence over students that were not residents. In 2000, this changed. From then on, admission has been based on grades alone and students in the municipality of Stockholm are free to apply to whatever high school they want. If a school gets more applicants than there are slots, students will be admitted based on the ranking of their final grades from compulsory school. This implies that from 2000, the composition of peers in classrooms might have changed. Geographical selection is likely to have decreased but selection in terms of achievement and motivation is more likely to have increased after the reform. Thus, selection on achievement has most likely increased, which makes it even more important to be able to control for school fixed effects during this period.
From the baseline specification with school, teacher and student fixed effects my findings are that on average there are positive peer effects in Swedish high schools, one standard deviation increase in mean peer grade point average (GPA) within the classroom corresponds to a 0.08 standard deviation increase in student grades. Moreover, I find positive effects from increased classroom heterogeneity. On average, an increase in the standard deviation in peer GPA will have positive effects on student high school grades. One standard deviation increase in the spread corresponds to a 0.02 standard deviation increase in student grades. There is also evidence of non-linear peer effects. Students that graduated from compulsory school at the lower end of the achievement distribution will benefit from being placed in classes with a wider achievement distribution, i.e., there being a greater distance to the top achievers in the class.
The paper proceeds as follows. Section 2 describes potential problems when estimating peer effects and how previous work has dealt with this problem. In section 3 I proceed to present the dataset and the empirical strategy. The results and sensitivity analysis in section 4 are followed by conclusions.
Previous studies
Numerous attempts have been made to estimate the impact of peers in the educational production function. Common for all these attempts are the problems of selection and simultaneity discussed above. To organize the discussion of previous studies let us consider the following value-added specification as our baseline model Spanish. However, not every study has the advantage of data that allow for classroom identification. Hoxby (2000) and Hanushek et al. (2003) , use across-cohort variation in schools in order to account for selection bias. The assumption is that even if parents actively decide which school to enroll their children in, there will be some variation in the composition of the student body between cohorts in schools which parents cannot foresee. The studies report evidence of positive peer effects. Even though they both use Texas panel data (grades three through six) they handle the simultaneity problem somewhat differently.
The problem of simultaneity is more of a two-way causality issue between it A and it P .
For instance, if positive peer effects are present, consider the situation when a student is placed together with higher-achieving peers. This increases the student's performance, which in turn spills over to his/her peers and thus causes simultaneity. To counteract this, Hoxby (2000) McEwan (2003) and Ammermueller and Pischke (2006) A− − as their peer measure instead of P where -i indicates that it is the mean achievement ( A ) among peers excluding student i, the student of interest. For example, Hanushek et al. (2003) use prior mean and standard deviation in math achievement as their peer measure. Sass and Burke (2006) have classroom level information on peers and teachers for students in Florida, which enables them to include both student and teacher fixed effects.
They exploit peer group variation in movement, age and disabilities which they argue are exogenous to student achievement when constructing their instrument for contemporaneous peer achievement. The results are mixed as regards peer influence on mean achievement, but nevertheless, they find evidence of non-linear peer effects when interacting previous achievement with mean peer achievement. Students situated in the lower quintile seem to benefit more from increases in peer achievement than students in higher quintiles. Gibbons and Telhaj (2006) use the change in peer group composition caused by the transition from primary to secondary school in England. The data that they use enable them to compare student outcome of children that grew up in the same street and attended the same primary school but later on attended different secondary schools, thus they exploit withinneighborhood variation. Their outcome variable is test scores in math and English at the age of 14 whereas their peer measure is lagged test scores at the age of 11. They find small but positive effects of peer achievement; an increase of one standard deviation in peer achievement corresponds to a 0.05-0.08 standard deviation increase in student achievement.
My study combines the approaches in the two latter papers and takes the peer analysis one step further. Not only can I -like Sass and Burke (2006) -identify peers and teachers at the classroom level, but I can also -similarly to Gibbons and Telhaj (2006) -use the variation that arises from the transition from compulsory school to high school. This latter feature enables me to estimate peer effects for students who attend classes with completely new peers.
Data
The dataset I have constructed for this study stems from the municipality of Stockholm and their high school database (HANNA). The advantage of this dataset is that it is possible to identify each classmate with whom a student has taken a specific course. This enables me to match peers and teachers to every student in each and every course. Thus, I am not only able to use within-school variation to estimate peer effects, but also control for individual and teacher fixed effects. This is important since the strategy of using within-school variation hinges on the assumption that achievement is exogenous when students are allocated to different classes. Even if school officials say that they strive to obtain an equal mix within classrooms with respect to gender, ability and ethnic background when they allocate students in different schools this seems not to be the case.
2 When testing for equal coefficients of variation at the classroom and school level the hypothesis of equal coefficients does not hold.
The coefficient of variation is larger at the school level as compared to classroom level which suggests that there might be systematic differences in achievement between classes within schools. However, this problem is dealt with by using within-student variation together with controls for time-invariant teacher characteristics.
The database also contains information from which I can extract teacher age and gender, but also class size and classroom gender composition.
My outcome variable is the course grade in high school which -besides being a mere measure of achievement -determines admittance to higher education in Sweden. When applying to tertiary education, the GPA is one of two main screening devices, the other one being the national university aptitude test. 3 These two are interchangeable and cannot be used in combination, either a student applies for tertiary education using grades or using his or her test result. The grade is reported in four levels: "fail", "pass", "pass with distinction" and "pass with special distinction". I use the corresponding numerical values that are given to each grade when calculating the GPA; for application to university these values are 0, 10, 15 and 20. Obviously, an outcome that has more variance than the four scale grade measure would have been preferable, but the national tests 4 that are given in Sweden are not recorded in any database or register for the period of interest.
On to the dataset I have merged information from Statistics Sweden's Student Register, Year 9 (Årskurs 9-registret), which contains compulsory school information (normally at the age of 16) such as grades, year of graduation, school identifier, foreign background and parental education. Parental education is divided into three different levels: at most 9 years of formal schooling, at most upper-secondary education and tertiary education. It is the parent with the highest level of education that I use as my measure of parental education. I use the final subject grade from compulsory school as my main peer measure when calculating the mean subject grade and the standard deviation in achievement -excluding student i -for peers within a classroom in high school. The assumption is that a student will benefit from having a larger share of high-achieving students within the classroom, and possibly negative from the opposite. Moreover, the information in Statistics Sweden's register data together with the information in HANNA enable me to construct a measure of the share of students within a classroom with a foreign background. Additional teacher information from Statistics Sweden's Teacher Register (lärarregistret) has also been merged on to the dataset. The register provides information regarding whether the teacher has a foreign background or not.
The sample consists of students enrolled in upper-secondary education between 1998
and 2004, who graduated from compulsory school after 1997. The reason for the latter restriction is that there were schools that tracked their students in English and math up to 1997, which makes their grades incomparable. I use the grades from compulsory school to construct my peer measure and therefore limit the analysis to subjects that are given both at the compulsory and high school level. Thus, I estimate peer effects in the first course taken in the subjects math, Swedish, Swedish as a second language, English and sports. The courses usually stretch over two semesters. I have restricted the sample to those students attending any of the so-called 17 different national programs 5 in order to avoid potentially mixed classes where different subjects are taught within the same classroom. This is sometimes the case among the students enrolled in the so-called individual program. 6 Moreover, some students have multiple observations of the same subject grade but at different points in time. The reason is that some students retake a course in order to improve their grade. I only use the first high school grade reported for these students even though their grade from compulsory school is used when calculating the peer measures in courses they have retaken.
It should be stressed that the HANNA database is not primarily intended for research and is thus not flawless. The information in the database is recorded by principals, teachers 5 Swedish high school education consists of 17 different programs (tracks), 14 with a vocational orientation, such as construction and auto shop, and three programs with a more academic orientation. 6 The individual program consists of students who have had problems in compulsory school and graduated with poor grades, failing several subjects. These students do not qualify for any of the national programs in high school but are placed in the individual program. There they get assistance in order to later on be integrated into any of the national programs.
and other administrative staff at the different schools, which means there is room for errors.
There are, for example, observations with missing teacher information. Even if these errors occur randomly they will still cause missing values and force me to drop observations. I have restricted class size to no smaller than 10 students; small classes might be reporting errors or possibly classes in which different subjects are taught simultaneously. Taken together, these restrictions reduce the number of unique individuals in the sample by almost 10 percent.
Descriptive statistics are presented in what is more interesting is that the share of students that are subjected to entirely new peers increased by 50 percent after the implementation of the new admission rules in 2000. The share of students attending classes in which they have no prior peers was around 30 percent before the reform and almost 45 after.
Empirical strategy
Consider the cumulative achievement production function following Todd and Wolpin (2003) and Sass (2006) , who model student achievement as a function of contemporary and past inputs from family and school. 7 We can then describe the achievement production function using the equation:
where it A is individual i's achievement at time t, S it is school input, F it and P it are family and peer input for individual i at time t and i φ represents time-invariant student specific effects.
Estimating equation (2) requires data on current and all past school and family inputs that are rarely available. However, it is reasonable to assume that recent school, family and peer input will have more weight on current achievement than earlier input. Thus, one can 7 For a more general exposition see Hanushek (1979) assume that all prior input will decline in weight with distance to the outcome measure. 
Taking first the differences between achievement at t and achievement at t-1 yields 
].
By simplifying and rewriting this, we get
where λ represents the influence from achievement at time t-1 on achievement at t, Equation (5) is the unrestricted value-added specification with a lagged dependent variable on the right hand side. The lagged variable might introduce autocorrelation due to correlation between the lagged variable and part of the error term. If autocorrelation is present, the OLS estimate will be biased. In order to avoid this problem one can rewrite the equation in terms of achievement gains:
Both specifications have been used in previous studies even though (6) is the more prevalent one. Even if the potential problem of autocorrelation is avoided in the latter specification, the model with gain scores hinges on the assumption that 1 λ = , which implies that past input have an immediate one-time impact that does not decay over time. As described by Sass (2006) , this implies that the impact of a child's kindergarten teacher on achievement is the same at the age of 18 as at the age of 5.
None of the specifications is flawless. The unrestricted model might introduce autocorrelation and the restricted one makes unrealistic assumptions about the impact of past input. Due to the fact that my outcome variable only takes four different values and that I utilize within-individual across-subjects variation, the achievement gains measure will introduce problems. There are floor and ceiling effects when estimating using student fixed effects. For example, a student with top grades can only move in one direction. Moreover, I
will also lose variation in cases where individuals have the same subject grade in compulsory and high school even if there are variations across subjects.
Therefore I use the unrestricted specification with lagged achievement on the right hand side when estimating peer effects. The empirical model estimated is
where isyfTt A is the subject grade in the first course taken in high school for individual i, in school s, in school year y, in subject f, with teacher T. F is parental education level as explained above. isyfTt SDA − − The idea is that this measure captures effects that the mean value overlooks. Consider two different classrooms with the same mean value in achievement but where one class has a larger spread in the achievement distribution. In this classroom students at the low end of the distribution will have students above them that are considerably higher achieving as compared to students in the classroom with the tighter spread in achievement. achievement. Lower-achieving students might benefit from a wider spread, i.e., a larger share of higher-achieving students above them to learn from, while the opposite effect might be present for high-achieving students. They might suffer from being in classrooms with a greater spread in achievement, i.e., a greater share of lower-achieving students taking teacher time and forcing instruction to be held at a lower level. The omitted category in lagged achievement is students that received the subject grade "pass with special distinction" when graduating from compulsory school. Thus, in this specification the single coefficients of the peer variables, 1 isyfTt A− − and 1 isyfTt SDA − − capture the effects of an increase in the mean and standard deviation in peer achievement for students that received subject grade "pass with special distinction" when graduating from compulsory school.
Results
My interest in this paper is to ascertain whether there are linear and non-linear peer effects in Swedish high school education. I start with the linear specification (equation 7) and then move on to the extended model with interactions capturing non-linear effects.
In table 2 column 1, I present the average peer effects within the classroom without controlling for time and school, teacher and student fixed effects. The result shows positive effects on student achievement from an increase in mean and the standard deviation in peer achievement. In columns 2 to 4, I introduce step-by-step time and school, teacher and student fixed effects.
Comparing column (1) and (2) we see that introducing time and school controls causes the estimated peer effects to decrease somewhat. There is evidence of some grade inflation in Swedish high school education (Wikström and Wikström, 2004) , which might explain the observed drop. However, there is a larger drop in the coefficients when moving from column (2) to (3). Including teacher fixed effects in column (3) shows that not considering teacher specific effects when using between classrooms variation is likely to bias the result, the coefficients decrease from 0.38 to 0.32 when controlling for time-invariant teacher characteristics. This is in line with the result from testing whether there are any systematic differences between classes at the school level. The allocation of students and teachers in schools might not be exogenous and only considering school specific effects would not have been sufficient to obtain unbiased estimates. Proceeding to the full fixed effects model in column 4 controlling also for teacher and students fixed effects further reduces the estimated coefficients.
Altogether, the mean peer coefficient decreases from an effect of 0.42 in the specification without controls to 0.16 when using the full fixed effects specification. The result suggests that there are positive peer effects of an increase in mean peer achievement but not nearly as large as when only using time and school controls. Thus not accounting for time-invariant teacher and student characteristics will bias the result at least when considering mean peer achievement.
A somewhat surprising result is the coefficients of the two variables share of male students and share of students with a foreign background. Both report a positive effect in the full fixed effects specification which is not what I would have expected. In an attempt to gain an understanding of these results I have squared and cubed the variable share of students with a foreign background. The results show that there might be differential effects dependent on the size of the share of students with a foreign background in the classroom. The result suggests a positive effect of a small share of students with a foreign background. However, as the share increases the effect becomes negative to finally become positive again.
From column (3) we see that there is a negative effect of increasing teacher age. This can be explained by a differential pattern similar to what I observe in the share of students with foreign background. Otherwise, the results are not surprising. Increasing class size will have a negative impact on student achievement, students from academic family backgrounds tend to perform better, and native students outperform students with a foreign background.
Taken together the results from the baseline model show that on average, an increase in peer achievement will have a positive impact on student achievement. Further, an increase in the standard deviation in peer achievement -controlling for mean peer achievement -will also have a positive impact. This already suggests that tracking policies or other ability (achievement) grouping might cause inefficiencies.
In an attempt to further control for selection and correlated effects, I have estimated peer effects for students that do not have any prior peers from compulsory school in the classroom in high school (see table 3 ). The notion is here that these students do not share any correlated effects from previous school and neighborhood characteristics with his or her peers that might bias the result. The corresponding results from the same linear specification as used in table 2 are more or less the same. The estimated coefficient for mean peer achievement is almost 0.18 but with larger standard errors, still significant at the 1 percent level. The effect of an increase in the spread in peer achievement in the classroom is also similar as compared to the result in table 2. It decreases from 0.12 to 0.10, but here only significant at the 5 percent level. Thus, there seems to be no bias due to correlated effects and therefore I stick with the larger sample.
The next question is whether there are non-linear peer effects. Are students with different initial achievement affected differently by an increase in mean peer achievement and/or the spread in peer achievement or does everyone benefit in the same way from it? In table 4, I present estimations capturing non-linear peer effects. In this specification, I have interacted the mean and standard deviation in peer achievement within the classroom with pupil i's subject grade from compulsory school, i.e., lagged achievement.
The omitted reference category is students that received the subject grade "pass with special distinction" when graduating from compulsory school so it is in comparison to these students the coefficients should be interpreted. The results imply that there are non-linear peer effects and that students at the lower end of the achievement distribution benefit more from a wider spread in peer achievement as compared to the students at the top end. Students that failed a subject in compulsory school gain more than students in the other categories. The effect of an increase in the standard deviation in peer achievement is decreasing and small and insignificant for students at the top end of the achievement distribution.
The non-linear effects are relative to students that received the subject grade "pass with special distinction" when graduating from compulsory school. Therefore we need to take the linear specification into consideration in order to say anything about the total effect. From table 2 we see that there is an overall positive effect of an increase in the achievement spread within the classroom. Therefore, even though there might be none or negative effects of increased achievement spread for high achievers, the total effect is still positive. A similar pattern is also evident for the interactions with mean peer achievement. Students at the lower end benefit more from an increase than their higher achieving peers.
Sensitivity Analysis
Since I use a four-grade scale outcome variable floor and ceiling effects might be present.
Students allocated at the top and bottom can only change their grades in one direction, towards the mean. Therefore I have replicated the analysis from table 2 on a restricted sample in which I only use students that have graduated from compulsory school with the grades "pass" or "pass with distinction". This to provide students with the possibility of improving or reducing performance in high school. The estimated coefficients are the same as the results presented in table 1, which suggests that floor and ceiling effects do not impose any problems.
Another issue is the use of OLS instead of ordered probit that would have been more appropriate for a four-grade scale outcome variable, had it not been for the fixed effects estimation. I have estimated the specification used in table 2, column 2, i.e., the specification without teacher and student fixed effects to see whether the method used imposes a problem or not. The coefficients from the ordered probit estimations are positive and significant both for mean achievement and achievement spread.
I have also evaluated whether the admission reform in 2000 has had an impact on peer influence. Since 2000 admission to high school has solely been based on grades and students are free to apply to whatever high school they want. This might have caused the peer composition to have changed. I have constructed a dummy variable that takes the value one after the reform and interacted it with my peer measures. The result shows no effects from the reform which is reassuring in that, if constructed correctly, the peer measure should be insensitive to changes in the distribution of students.
There might be objection to the use of the subject sports. Therefore I have estimated peer effects using the baseline equation excluding sports. The result is that I get larger coefficients of the peer measures but otherwise similar results.
Conclusions
In this paper, I estimate peer effects in Swedish high school education. I use a rich dataset that enables me to handle the well-known problems of selection and simultaneity. I use lagged achievement to account for simultaneity and an extensive fixed effects framework to rule out selection. The baseline results suggest a presence of positive peer effects on student achievement. Both mean peer achievement and the spread in peer achievement among classmates have a positive effect. From the full fixed effects specification, it follows that one standard deviation increase in peer GPA leads to a 0.08 standard deviation increase in high school grades. Similarly, one standard deviation increase in the spread within the classroom in peer GPA leads to a 0.02 standard deviation increase in student grades.
I extend the analysis by interacting lagged achievement of student i with the mean and standard deviation in peer achievement to see whether there are non-linear effects present.
The analysis provides evidence of non-linear peer effects in that students situated at the lower end of the achievement distribution will benefit more from an increase in both the mean and standard deviation in peer achievement as compared to students higher up in the distribution.
From one standard deviation increase in the spread in peer achievement within the classroom students that failed a subject in compulsory school gain 0.11 standard deviations more than students that received a "pass with special distinction". This result together with the earlier linear specification results suggests that all in all, lowerachieving students benefit more than higher achievers lose from being in a classroom with a larger spread in achievement. extent than negative (externalities) and that they primarily go from the top down. Higherachieving peers help their lower-performing class-mates, directly and/or as role models, whereas being placed in a class with a greater or lesser share of low-performing students does not seem to matter for the top achievers.
This has policy implications concerning whether you should group students according to ability or not. The use of tracking -or ability grouping -will do more harm than good.
Differentiating students according to achievement or ability is not the most efficient way to allocate students in terms educational output in high school. Note: The achievement measure can take on four different values 0, 10, 15 and 20. Classes with less than ten students are dropped. A student is coded as having a foreign background if he or she was born abroad or if both parents were born abroad. It is the parent with the highest level of education that sets the value for the family. Note: Standard errors are clustered at high schools. The omitted level of parental education is no more than 9 years compulsory school. Reference category lagged achievement is students that graduated from compulsory school with the grade "pass with special distinction". Thus, the coefficients of the interactions should be interpreted with reference to these students.
